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Abstract

An investigation has been conducted in the NASA

Langley 14- by 22-Foot Subsonic Tunnel in order to

further the development of semi-span testing

capabilities. A twin engine, energy efficient transport

(EET) model with a four-element wing in a takeoff

configuration was used for this investigation. Initially a

full span configuration was tested and force and
moment data, wing and fuselage surface pressure data,

and fuselage boundary layer measurements were
obtained as a baseline data set. The semi-span

configurations were then mounted on the wind tunnel
floor, and the effects of fuselage standoff height and

shape as well as the effects of the tunnel floor boundary-
layer height were investigated. The effectiveness of

tangential blowing at the standoff/floor juncture as an
active boundary-layer control technique was also
studied. Results indicate that the semi-span

configuration was more sensitive to variations in

standoff height than to variations in floor boundary-

layer height. A standoff height equivalent to 30 percent

of the fuselage radius resulted in better correlation with

full span data than no standoff or the larger standoff

configurations investigated. Undercut standoff leading

edges or the use of tangential blowing in the standoff/
floor juncture improved correlation of semi-span data

with full span data in the region of maximum lift
coefficient.

Introduction

Generally in most types of wind tunnel testing,

research requirements dictate that the most accurate data
be obtained and that the correct flight conditions

be simulated. These issues are increasingly important

in order to develop accurate performance characteristics
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particularly at the low-speed takeoff and approach

conditions encountered by subsonic transport aircraft.

Typically the Reynolds numbers achievable at the

speeds appropriate for takeoff and approach conditions
in the current facilities available are below the desired

full-scale Reynolds number. This need to extend

Reynolds number testing capabilities up to full-scale
conditions can be satisfied with the development of a

semi-span testing capability. This testing technique has

been suggested as a tool which should be developed to

provide state-of-the-art wind tunnel research
capabilities 1,2.

Semi-span testing offers several advantages over

full span testing. Due to the larger model size provided

by semi-span testing, not only is the desired increased

Reynolds number testing capability produced, but the

larger model size also improves data quality due to

improved model strength, stiffness, and overall

fidelity. Constructing only half the model yields further
benefits in terms of reduced model cost. The complex

high-lift systems and any wing mounted propulsion

simulation systems will only need to be produced for

one wing. Another advantage of semi-span testing is the
absence of sting-support interference effects.

Semi-span testing however, is not free from any
drawbacks. These include increased wind-tunnel wall
interference effects due to increased model size, and the

effects of semi-span model mounting. One of the most

significant challenges is how to remove the effects of
the tunnel wall boundary layer on the flow over the

semi-span model. These adverse effects include loss of

model symmetry, wall boundary layer separation, and

formation of vortical flow in the juncture regions.
Research previously conducted 3 indicates that even

when the wall boundary layer remains attached, it can

still substantially influence the flow over the semi-span
model. One technique which has been investigated to

isolate the effects of the wall boundary layer is to mount

the semi-span model on a splitter plate which is offset
from the tunnel wall outside the wall boundary layer.

This technique certainly eliminates any wall boundary

layer effects; however, it introduces difficulties in
maintaining a uniform flow over the model without
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introducinganyundesirableflow angularity.These
issuescanbeovercome,butgenerallyattheexpenseof
asubstantialcalibrationeffort4. Resultsfromprevious
semi-spantestingtechniquestudieshavegenerallybeen
morepromisingwhena non-metricboundarylayer
standoffisusedbetweenthesemi-spanmodelandthe
windtunnelwall4'5'6.

In order to further understand the flow physics

involved in semi-span testing as well as to develop
techniques by which to eliminate or minimize the

effects of the wall boundary layer, both computational
methods 7 and experimental studies have been utilized.

A wind tunnel investigation has been conducted in the

NASA Langley 14- by 22-Foot Subsonic Tunnel using

both a full span and a semi-span transport model with a

four-element wing in a take-off configuration. The full

span configuration was tested initially and force and

moment data, wing and fuselage surface pressure data,

and fuselage boundary layer measurements were

obtained as a baseline data set. The semi-span
configurations, which were designed to use a floor

mount and a non-metric boundary layer standoff, were

then tested to study the effects of standoff height and

shape as well as the effects of the tunnel floor boundary

layer height. The effectiveness of tangential blowing as

an active boundary-layer control technique was also

studied. It is the results of these investigations which

will be presented in this paper.

Nomenclature

b

BL

BLRS

CD

EL

CM

Cp

C_

d

M

Rn

Y

x/c

x/L

wing span, in

boundary layer

boundary layer removal system

drag coefficient

lift coefficient

pitching-moment coefficient

pressure coefficient

blowing coefficient, per blowing jet

fuselage diameter, in

Mach number

Reynolds number based on mean geometric
chord

spanwise location

longitudinal distance from airfoil leading edge

nondimensionalized by local wing chord

longitudinal distance from fuselage nose

nondimensionalized by fuselage length

U/U_,

Z

2-D

3-D

velocity measured from fuselage boundary
layer rake nondimensionalized by freestream

velocity

height above fuselage surface, in

angle of attack, deg

two dimensional

three dimensional

Test Facility and Model Description

The investigation was conducted in the Langley 14-

by 22-Foot Subsonic Tunnel 8. This facility is a closed-

circuit, single-return, atmospheric wind tunnel capable

of producing a maximum speed of 338 feet per second.

A floor boundary layer removal system is located at the
entrance to the test section and was used in the current

investigation to study the effects of variations in floor

boundary layer height on the semi-span configuration.

The model used in the investigation was a

10.59foot span, unpowered, twin engine transport
known as the energy efficient transport (EET)

configuration. The full span model, as shown in

figure 1, was tested first in order to provide a baseline

database. The fuselage was 9.91 feet long and had a

maximum diameter of 13.8 inches. The wing employed

a supercritical airfoil with a four-element flap system

consisting of a slat, main element, vane, and flap. All of

the results presented in this paper are for a takeoff
configuration with the slats deflected -50 °, the vanes

15 °, and the flaps 30*. These deflection angles are all
with respect to the main wing element. Pressure

instrumentation was located on the wing and fuselage as
illustrated in figure 1. The full span model was mounted

on a six-component strain-gage balance and supported

by a sting which entered the lower aft end of the

fuselage. No vertical or horizontal tails were used in the

investigation.

The semi-span model consisted of the port wing

from the full span model and a semi-fuselage which was

fabricated from a mold of the full-span fuselage. In

addition, all semi-span configurations were tested with a

simulated sting. These steps were taken to ensure no

geometric differences would exist between the full span

and semi-span configurations. A photograph of the
semi-span model installation in the wind tunnel is

presented in figure 2. The model was mounted on a
15.75 foot diameter turntable on the floor of the tunnel

approximately six feet aft of the tunnel floor boundary

layer removal system (BLRS). A six-component strain-
gage balance was used to measure forces and moments

on the wing and semi-fuselage. All standoffs however,
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werenon-metric.A polyurethanefoamsealwasused
aroundtheperimeterofthefuselagetofill the0.25-inch
gapbetweenthefuselageandthestandoffsothatno
freestreamflowwouldenterthisregion.Thissealwas
carefullyinstalledduringeachstandoffinstallationto
ensurethatnofoulingwouldoccurbetweenthemetric
fuselageandthenon-metricstandoffs.All standoffs
wereattachedtothetunnelfloorandsealedsuchthatno
freestreamflowcouldpassbetweenthestandoffandthe
floor. The semi-spanmodelwastestedwith no
standoff,and2-inchand6.4-inch2-Dstandoffs.These
standoffswerethe sameshapeas the perimeter
centerlineshapeof thefuselage.Additionally,a3-D
6.4-inchstandoffwhichwasamirrorimageofthesemi-
fuselage,andacompleterightsideof thefuselagewere
tested.All of thesestandoffshapesarepresentedin
figure3. Furthertestswereconductedinwhichthree-
dimensionallyshapedundercutleadingedgeswere
testedonthe2-inchstandoffconfiguration.Illustrations
of theseundercutleadingedgesarepresentedin
figure3(b).Anothertestingtechniqueinvestigatedwas
toreenergizethefloorboundarylayerthroughtheuseof
tangentialblowingin thejuncturebetweenthestandoff
andthetunnelfloor. Tenjets,fiveontopandfive
belowthemodel,wereplacedonthefloorandoriented
toblowtangenttothelocalstandoffsurface.Eachjet
wasproducedbya0.25-inchdiametertubeandwasset
toCo= 0.003.A sketchillustratingthedetailsofthe
tangentialblowingtechniqueispresentedin figure4.

Test Conditions and Techniques

All testing for both the full span and semi-span

configurations was conducted at M = 0.20, R n = 1.6

million, and over an angle-of-attack range of -4 ° to 24*.
The moment reference center was located on the

fuselage centerline 64.70 inches back from the nose on
both the full span and semi-span configurations.

Transition grit was placed on the fuselage nose and on

the nacelles, but not on any of the wing elements for

both configurations. Base pressure corrections were

applied to the full span configuration to account for the

effects of the sting entering the lower aft end of the

fuselage. A simulated sting was positioned external to

the semi-span configuration so as to generate the same
flowfield encountered by the full span configuration.

Since the simulated sting did not enter the semi-span

fuselage, no base pressure corrections were applied. A
simulated semi-sting was used for the no standoff

and 2-inch standoff configurations (see figure 2). A

simulated full sting was used for all configurations with

a larger standoff. For all semi-span configurations

investigated the simulated sting was adjusted up or

down to accommodate the height of the current standoff.

Model blockage corrections and jet boundary

corrections were applied in the same manner to both full

span and semi-span configurations. A flow angularity

correction was also applied to both configurations

(0.141" up flow for the full span model and 0.081 ° down

flow for the semi-span model). The wind tunnel

boundary layer removal system (BLRS) was used for all

semi-span data presented in this paper unless otherwise
noted. The use of the BLRS reduced the boundary layer
on the floor of the wind tunnel from 10 inches to

2 inches at the moment reference center of the model.

Surface flow visualization images were obtained of the

wind tunnel floor around the semi-span configuration

using an oil based mixture consisting of mineral oil,

oleic acid, and titanium dioxide. Flow visualization

images were obtained of the upper surface of the wing

for both full span and semi-span configurations using

fluorescent mini-tufts, ultraviolet strobe lights, and a

video imaging system.

Discussion

Standoff Height Effects

One of the primary goals of this investigation was

to determine the effects of variations in standoff height.

The first step in this process was to look at height
variation using a two-dimensionally shaped standoff. In

order to do this the semi-span configuration was tested
with no standoff, a 2-inch standoff, and a 6.4-inch

standoff. The no-standoff configuration was chosen as

the obvious case to represent the minimum standoff

height. The 2-inch height, which was equal to

approximately 30 percent of the fuselage radius, was
chosen because it corresponds to the height of the floor

boundary layer at the model moment reference center
with the BLRS on. The 6.4-inch height, which was

equal to approximately 93 percent of the fuselage

raduis, was chosen because it compared to a standoff

height which was investigated on a smaller scale EET
model in another facility. It was further believed that

the 6.4-inch height represented a reasonable maximum

height and that a 2-D standoff any taller would produce
no benefit. This standoff height is equivalent to about

3 times the floor boundary layer thickness with the

BLRS on and was expected to result in large effects.

The results obtained from these configurations are

presented together for comparison in figure 5. The force

and moment data indicate that for angles of attack up to

12* the configuration with the 2-inch standoff correlates

better with full span data in terms of lift, lift-curve

slope, and drag coefficient than the other standoff

configurations. The no-standoff configuration results in

a reduced lift-curve slope and a substantial drag
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increase,whereasthe larger standoff indicates an

increase in lift-curve slope and a drag increase.

Collectively these data indicate that increases in 2-D

standoff height produce increases in lift-curve slope.
The 2-inch standoff configuration however, produces a

stall angle of attack that is approximately 4* less than

that of the full span configuration. It is also noted that

the no-standoff configuration comes closest to matching

the stall angle of attack while the other configurations

stall early. None of the standoff configurations

produced a very good correlation with the full span

configuration in terms of pitching moment. For the non-

zero standoff configurations this could be due to a slight
misalignment between the fuselage and standoff caused

by balance deflections.

Pressure data presented for the inboard portion of

the wing (figure 5(b)) indicate that at 16° angle-of-

attack flow conditions on the slat and the leading edge

of the main element correlate better with the full span
data for the 2-inch standoff configuration than the other
two standoff configurations. In fact, a trend is indicated

which shows a flow acceleration over the slat and the

main element leading edge as standoff height is
increased. This could lead to the conclusion that

increases in standoff height produce increases in the

flow acceleration around the fuselage, which in turn

produce the flow accelerations noted on the wing
leading edge. When fuselage pressure data are

compared for the various standoff configurations
(figure 5(c)), it is shown that increases in standoff

height do indeed produce increases in the flow

acceleration around the fuselage. These data also
further support the conclusion that the 2-inch standoff

configuration more accurately simulates the full span

configuration than the other standoff geometries.

Two additional standoff configurations were also

tested as a part of this investigation, a three-
dimensionally shaped 6.4-inch standoff which was a

mirror image of the semi-fuselage, and a complete fight
side of the fuselage. It was anticipated that the size,
which would offset the model farther from the tunnel

floor, along with the 3-D shaping of these standoffs may

act to reduce the effects of the floor boundary layer on
the semi-span configurations. Force and moment data

obtained for these additional standoff configurations are

presented in figure 6. Lift losses and drag increases are

noted for both configurations when compared to the full

span data. More specifically, the 6.4-inch, 3-D standoff

shows no improvement over the 6.4-inch, 2-D standoff,

and the configuration with the complete fuselage
produces the largest lift deficit and largest drag increase

of all standoffs investigated. Even though the

configuration with the complete fuselage shows good

correlation with full span data in terms of pitching

moment, the poor lift and drag correlation are still

viewed as substantial drawbacks. Since these larger,
mirror-image standoffs did not result in an overall

improvement in correlation with full span data they
were given no further consideration. Based on all the

semi-span data presented thus far, the overall results

indicate that semi-span configuration aerodynamics are

quite sensitive to variations in standoff height.

Boundary_ Layer Height Eff_ls

Another primary goal of the investigation was to

determine the effects of variations in floor boundary
layer height. In order to do this data were obtained with

the tunnel boundary layer removal system (BLRS) off,

which results in a 10-inch boundary layer at the model

moment reference center, and with the BLRS on, which

results in a 2-inch boundary layer. Longitudinal force

and moment data are presented in figure 7(a) for the
2-inch, 2-D standoff configuration with the BLRS both

off and on. These data indicate that the height of the
floor boundary layer has little influence on the lift or

drag coefficient data. This implies that the

configuration aerodynamics is dominated by the wing
and the flow over the fuselage has only a small

influence. However, pitching-moment data indicate

more sensitivity to flow over the fuselage as a positive

increment in C M is shown for the thinner floor boundary

layer (BLRS on). Although not presented, very similar

trends were also noted in the longitudinal data for the
other standoff configurations. This result was

somewhat surprising in that a thinner floor boundary
layer was fully expected to produce more desirable

results than a thicker one. Further analysis of the effects

of the height of the floor boundary layer was conducted

by obtaining total pressure measurements from two

boundary layer rakes mounted on the fuselage as noted
in figure 1. Data from these rakes are presented in the

form of u/u_ in figures 7(b) and 7(c). The fuselage
boundary layer rake data were obtained with the

tangential blowing system (see fig. 4) in operation;
however, this should not effect the trends indicated

when comparing BLRS off and on. These data indicate
that the use of the BLRS, and thus a thinner floor

boundary layer, results in a semi-span fuselage

boundary layer profile that more closely resembles the

full span fuselage boundary layer profile. When the

larger 10 inch boundary layer exists on the tunnel floor a
substantial deceleration of the flow results on the semi-

span fuselage. Therefore, a thinner floor boundary layer

will promote a semi-span fuselage boundary layer that

more accurately correlates with the full span fuselage
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boundarylayer. Theinvestigationof the effects of

standoff height and floor boundary layer height reveal

that both parameters influence the flow over the semi-

span configuration; however, the effects of variation in

standoff height (from zero to approximately 100 percent

of the fuselage radius) has a large effect on lift-curve

slope and stall characteristics.

Undercut Standoff Leading Edge Effects

When any 2-D standoff is used, it is understood that

a stagnation point will exist at some location on the

leading edge. This stagnation point causes the free-
stream flow to roll up on itself in the floor boundary

layer, and a horseshoe vortex will form around the

standoff leading edge. In order to document and

illustrate this flow condition, a surface oil flow pattern
was obtained on the tunnel floor for the 2-inch, 2-D

standoff configuration. This oil flow pattern, presented

in figure 8 for an angle of attack of 19°, gives an
indication of the horseshoe vortex size and location.

It was anticipated that the presence of a horseshoe

vortex around the leading edge of a 2-D standoff was
detrimental to efforts to match the flowfield around a

full span configuration. With this thought in mind two
undercut leading edges as illustrated in figure 3(b) were

tested on the 2-inch standoff. These undercut shapes are

referred to as an S-curve leading edge and a parabola

leading edge. The S-curve leading edge was designed

using computational methods such that a favorable

pressure distribution would result in the cockpit region
of the forebody. The parabola leading edge was

designed such that no forward facing surfaces would

exist thereby resulting in a geometry which would make
it much more difficult for a horseshoe vortex to form.

Longitudinal force and moment data illustrating the
effects of the standoff undercut leading edges are

presented in figure 9(a). These data indicate that
undercut standoff leading edges have essentially no

effect on lift curve slope, but have a significant effect on

the stall angle of attack. The S-curve leading edge

increases the stall angle of attack by approximately 2°

over the 2-D configuration, and the parabola leading

edge increases the stall angle of attack by approximately
3°. These results thereby suggest that the elimination or

reduction in size of the horseshoe vortex will improve

correlation of semi-span and full span data in the region
of maximum lift coefficient. This point is further

supported upon reexamination of the lift coefficient data

presented for the no-standoff configuration in

figure 5(a). Even though the no-standoff configuration
does not correlate well with full span data across the

angle-of-attack range, it does match the stall angle of

attack much better than the other 2-D standoff

configurations. This may well be due to the fact that it
is much more difficult for a horseshoe vortex to form on

the no-standoff configuration.

Even though the undercut standoff leading edges do

improve correlation of stall angle of attack and
maximum lift coefficient with full span data, they are

not without shortcomings. The undercut leading edges

result in an increase in drag as compared to the 2-D

leading edge, and the reason for this unfavorable

characteristic is unknown. As a result a more thorough

understanding of the flow physics will be pursued

through computational and experimental efforts.

Examination of the pitching-moment data reveals a

nose-down increment beyond the stall angle of attack

for all of the semi-span configurations. This indicates

that wing stall begins on the inboard portion of the wing.
This does not match the post stall nose-up increment

indicated by the full span data. This inconsistency has
also been noted in previous research 6. The fact that the

stall behavior on the semi-span configurations with

undercut standoff leading edges does not match that on

the full span model indicates that the influence of the
floor boundary layer on the flowfield over the wing may

still not be fully eliminated. Inboard wing pressure data

are presented for an angle of attack of 19° in figure 9(b)
to further illustrate the effects of the undercut startdoff

leading edges. These data indicate that the

configuration with the 2-D standoff leading edge is

producing less lift on the slat and main element than the
undercut standoff configurations, while the data from

the undercut configurations match the full span data

relatively well. These data further support the inboard

wing stall noted in the discussion of the pitching-
moment data.

Further insight into the flow conditions on the wing

upper surface was obtained through the use of flow
visualization. Fluorescent mini-tuft images of the wing

upper surface have been obtained for configurations
with the 2-D standoff leading edge and the S-curve

leading edge, and these images are presented for an

angle of attack of 19" in figure 10. A region of
separated flow is indicated inboard on the wing for the

configuration with the 2-D standoff leading edge

(fig. 10(a)), as would generally be expected due to the

wing pressure data presented in the previous figure. The

image of the wing for the configuration with the S-curve

leading edge (fig. 10(b)) indicates smooth, attached

flow over the entire inboard portion of the wing. These

results suggest that the horseshoe vortex which forms

around the leading edge of the 2-D standoff produces an
undesirable flow disturbance which ultimately affects

American Institute of Aeronautics and Astronautics



theflowovertheinboard portion of the wing. This

disturbance promotes an inboard wing stall and

resulting nose-down pitching moment. The undercut

leading edge configurations ultimately stall in the same

fashion; however, the leading-edge undercut shaping

appears to be effective in delaying the onset of the flow

disturbances which produce the inboard wing stall.

Tangential Blowing Effects

Another technique investigated to improve

correlation of semi-span data with full span data was the

use of tangential blowing in the juncture between the

standoff and the floor. Tangential blowing reenergizes

the floor boundary layer which in turn should reduce the

effects of the floor boundary layer on the flowfield over

the semi-span model. This blowing technique evolved
from the successful use of juncture blowing to eliminate

tunnel sidewall boundary layer separation for 2-D, high-

lift airfoil testing 9. In addition, computational efforts

have also shown promising results using active
boundary layer control concepts 7. Ten blowing jets

were located in the juncture between the standoff and

the floor as illustrated in figure 4. Results were

obtained for the 2-inch standoff with the 2-D leading

edge. An optimum blowing coefficient for each jet,

C_t = 0.003, was experimentally determined for this
configuration. Longitudinal force and moment data and

inboard wing pressure data which illustrate the effects

of tangential blowing on the semi-span configuration

are presented in figure 11. The force and moment data

indicate that at angles of attack below stall tangential

blowing jets have little effect on the semi-span

configuration; however, in the region of maximum lift a

substantial effect is noted. Tangential blowing

dramatically improves the correlation of semi-span lift

and drag coefficient data with full span data for angles
of attack between 16* and 20* by delaying the onset of

stall. The pressure data, which are presented at an angle
of attack of 19°, clearly illustrate how the tangential

blowing eliminates the lift losses present on the wing

slat and main element. These results are very similar to

those of the standoff undercut leading edges, thus

indicating that tangential blowing and undercut standoff

leading edges produce very similar effects on the semi-

span flowfield. Note however, that the increases in drag

coefficient observed for the undercut standoff leading

edges did not occur for the tangential blowing

technique.

Seal Effects

Another area of concern in semi-span testing is to

ensure that an adequate seal is present between the

metric fuselage and the non-metric standoff. Any

freestream flow that could be allowed to enter the region

between these two parts may well impose an

inappropriate loading on the intemal centerline surface

of the fuselage. In order to gain insight into the

sensitivity of the semi-span configuration to seal design,

two seal concepts were tested. One concept, referred to

as the perimeter seal, consisted of a foam seal which ran

longitudinally around the upper and lower surfaces of

the fuselage and, as the name suggests, followed the

perimeter of the fuselage. This seal was used on all of

the configurations presented thus far. The other
concept, referred to as the keel dam seal, was a

simplified concept which consisted of a strip of foam
attached to the model right on the fuselage centerline

and extending the entire length of the fuselage. The
foam seal was 0.75 inches wide and was attached to the

fuselage for both concepts so that it just filled the gap

between the fuselage and standoff without transferring a

load between the two parts. Longitudinal force and

moment data are presented in figure 12 for both seal

concepts as installed on the 2-inch, 2-D standoff

configuration. For angles of attack up to 16 ° the

configuration with the keel dam seal produces a lift loss

and a drag increase as compared to the perimeter seal
concept. This indicates that the flowfield over the semi-

span configuration can be quite sensitive to the seal
between the fuselage and standoff, and that the

simplified keel dam seal appears to be inappropriate for

use in place of a perimeter seal. It is interesting to note

however, that the keel dam seal configuration does

delay the early stall that takes place for the perimeter

seal configuration.

Conclusions

An investigation has been conducted in the NASA

Langley 14- by 22-Foot Subsonic Tunnel in which a

semi-span transport configuration has been tested with

multiple parametric variations to support the
development of a viable semi-span testing technique.

The results of this investigation are presented its
follows:

1. The semi-span transport configuration investigated
demonstrated a sensitivity to variations in standoff

height as well as floor boundary layer height;
however, the sensitivity to variations in standoff

height was much greater. Increases in standoff

height resulted in increased flow acceleration

around the fuselage and over the inboard wing

leading edge.
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2.

.

4.

5.

.

.

8.

Configurations with no standoff produced a

reduction in lift-curve slope and more drag than the

baseline full span configuration.

Configurations with standoff heights on the order

of the fuselage radius produced an increase in lift-

curve slope and drag compared to the baseline full

span configuration.

A 2-inch standoff, which was equal to

approximately 30 percent of the fuselage radius,

produced the best correlation with full span data for

angles of attack below 12° of all the standoff

configurations tested.

A 2-D standoff leading edge promotes the
formation of a horseshoe vortex in the standoff/

floor juncture and in turn promotes an early inboard

wing stall.

The early inboard wing stall that occurred with the
2-D, 2-inch standoff was effectively delayed by an

undercut standoff leading edge.

Tangential blowing in the standoff/floor juncture

also proved to be an effective technique to alleviate

the early inboard wing stall that occurred with the
2-D leading edge on the 2-inch standoff.

Semi-span model aerodynamics were found to be

quite sensitive to variations in the design of the seal

between the fuselage and standoff. Care should be

taken to ensure that this region is sealed effectively.
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Figure 1. Full span Energy Efficient Transport (EET) model in the take-off configuration.

Figure 2. Semi-span EET model as tested with the 2-inch, 2-D standoff in the 14- by 22-Foot Subsonic Tunnel.
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(b) Top-view illustrations of the undercut leading edges tested on the 2-inch standoff.

Figure 3. Standoff geometries tested on the semi-span model. All dimensions are in inches.
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Figure 4. Sketches illustrating the tangential blowing test setup.
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(a) Longitudinal force and moment data.

Figure 5. Data illustrating the effects of variations in 2-D standoff height.
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(b) Wing pressure data. a = 16°.
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Figure 5. Concluded.
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Figure 6. Longitudinal force and moment data illustrating the effects of the larger, mirror-image standoffs.
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(a) Longitudinal force and moment data.

Figure 7. Data illustrating the effects of variations in tunnel floor boundary layer height.
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Figure 7. Concluded

13

American Institute of Aeronautics and Astronautics



Figure 8. Oil flow visualization illustrating surface flow characteristics on the tunnel floor for the 2-inch,

2-D standoff configuration, ct = 19°.
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(a) Longitudinal force and moment data.

Figure 9. Data illustrating the effects of undercut leading edges on the 2-inch standoff configuration.
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(b) Wing pressure data. ct = 19°.

Figure 9. Concluded.

Figure 10.

(a) 2-D standoff leading edge.

Flow visualization illustrating wing upper surface flow characteristics with 2-inch

standoff, ct = 19°.
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(b) S-curve standoff leading edge.

Figure 10. Concluded.
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(a) Longitudinal force and moment data.

Figure 11. Data illustrating the effects of tangential blowing in the standoff/floor juncture.

2-inch, 2-D standoff configuration.
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(b) Wing pressure data. (z = 19°.

Figure 11. Concluded.
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Figure 12. Longitudinal data illustrating the sensitivity to variations in the fuselage/standoff seal design.
2-inch, 2-D standoff configuration.
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